Mice fed a diet low in many trace elements and raised in an environment where contamination from extraneous trace ele ments was controlled were given small amounts (5 jig/ml) of arsenite, germanate, stannous, or vanadyl ions in drinking water for their life times. Animals receiving arsenite had a significantly decreased incidence of all tumors, and of tumors of the lung, compared to those receiving tin, vanadium, and to controls. Fewer spontaneous tumors were also found in animals given germanium. Significant differences in the incidences of malig nant tumors did not appear. None of the elements was carcino genic in the doses given.
INTRODUCTION
During studies on the effects of small doses of various trace ele ments on the growth and survival of mice (9), we have observed that the incidences of visible spontaneous tumors were apparently affected by the ingestion of cadmium, lead, and nickel (8) . Male mice receiving cadmium or lead salts (5 /ig/ml) in drinking water for their lifetimes exhibited significantly fewer tumors, especially in lung; female mice given nickel (5 jug/ml) in water also had fewer tumors than did control animals and those receiving chro mium (III) or titanium (IV) salts, and all were in lung. The pres ent report considers the incidences of spontaneous tumors in mice of both sexes given trivalent arsenic, divalent tin, tetravalent germanium, and tetravalent vanadium salts for their lifetimes.
MATERIALS AND METHODS
The experimental conditions of a relatively metal-free en vironment has been reported in detail (9) . Six hundred one ran dom-bred white Swiss mice of the Charles River strain (CD), born in our laboratory from pregnant females, were exposed from the time of weaning (20-22 days of age) until death to doubly deionized drinking water containing the essential trace metals manganese (10 Mg/ml), chromium (1 Mg/ml), cobalt (1 Mg/ml), copper (5 Mg/ml). zinc (50 MgMl), and molybdenum (1 1Supported by grants-in-aid from the National Heart Institute, USPHS, HE 05076, U. S. Army Contract DA 2595, Germanium Research Committee, and the American Cancer Society.
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Received November 21, 1966; accepted February 28, 196 as the acetate, citrate, or molybdate. To groups of 23-71 of each sex randomly selected from litters were given the additional ele ments at 5 Mgmetal/ml of water: sodium arsenite, sodium germa nate, stannous chloride (stabilized with ascorbic acid), or vanadyl sulfate. The diet was composed of seed rye flour (60r0), dried skim milk (30%), corn oil (9%), and sodium chloride (1%) to which 100 mg/kg ferrous sulfate and a vitamin mixture (9) were added. The diet contained 0.46 Mgarsenic/gm (3), 0.32 Mg germanium/gm (4), 0.28 /ig tin/gm (7) and 3.2Mg vanadium/gm (6) . Extensive precautions were taken to avoid extraneous metallic contamination (9) . Dead animals were weighed and 542 were dissected. Gross anatomical lesions were recorded, and tissues of 433 considered abnormal were fixed in Benin's solution, sectioned, and stained with hematoxylin and eosin. Microscopic examinations were made on heart, lung, kidney, liver, spleen, and on other organs considered grossly abnormal, as well as on visible tumors. No detailed search for microscopic tumors was conducted by serial sections; therefore, the data here presented represent only tu mors visible under a magnifying lens. Sixty-three animals dying during a weekend with gross autolytic changes or cannibalized were not included except for determination of life spans. Nu merical data were treated by chi-square analysis and by Student's t test.
The following criteria were used in examining the sections: "Pretumorous" lesions, found in lung or liver, were growths of atypical parenchymal cells lacking proper stroma, replacing nor mal epithelial cells in bronchus, alveolus, or hepatic sinusoids. Benign tumors were autonomous growths of well-differentiated cells which might be slightly atypical, but which did not metastasize or invade. Malignant tumors were autonomous, de structive growths of highly atypical cells which sometimes metastasized to other organs or in the organ of origin.
RESULTS
The data from examination of the microscopic sections were analyzed according to the presence of clusters of cells in lung and liver appearing "pretumorous," of circumscribed benign adenomata, or carcinomata, sarcomata, lymphomata, leukemias, and of other tumors benign and malignant in lung, liver, mam mary glands, and other locations. As no significant differences appeared between incidences of tumors in the two sexes, they were grouped together.
In Table 1 are shown the numbers of benign and malignant tumors found in the various groups related to the number of deaths in each three-month period. Mice receiving trivalent arsenic showed significantly lower incidences of tumors than did the controls, although a decreased incidence of malignant tumors was not statistically significant. Mice receiving tin and vanadium did not exhibit significantly decreased or increased incidences of tumors based on the to tal number of animals autopsied. Somewhat fewer tumors were found in those given germanium. In Table 2 are shown deaths and tumors in mice dying between 15 and 24 months of age, the highest death rates being in that period. Although the percentages of deaths were quite similar in the five groups, as were the percentages of tumors, there were sig nificantly fewer tumors in the arsenic and germanium groups than in the controls, based on total number of animals autopsied.
Organ distribution of tumors and their types are given in Table 3 . There were significantly fewer adenomata of the lung in arsenic-fed mice and also fewer adenomata and carcinomata of the lung combined (P < 0.0001). Differences in other groups and in types of tumors were not significant.
Another comparison was made on the incidences of tumors and "pretumorous" lesions in the sections examined, excluding those mice on which sections were not taken (Table 4) . Mice receiving arsenic and germanium had significantly fewer lesions than did the controls. They also had fewer tumors. Significant differences were not found for malignant tumors.
The life spans of all mice receiving metals, which will be re ported elsewhere (5), can be calculated from Table 1 for those autopsied. Large numbers of early deaths of animals in any group did not occur. Significant differences in survival of all mice at any three-month period were not observed for the tin and vanadium group. There were fewer males given arsenic ali ve at 18 months of age (P < 0.025) and fewer males given germanium (P < 0.005) compared to controls. At 21 months of age, there were fewer females given arsenic (P < 0.05). Other differences were not significant. " Differs from control number P < 0.001. 6 Differs from control number P < 0.01. Note: Between 12 and 21 months of age there were 76 deaths with 5 tumors in the arsenic group and 92 deaths with 34 tumors in the control group (P < 0.0001).
There were 140 of 198 control mice alive after 15 months of age (70.6%) of which 25 had tumors of the lung at death. Of the arsenic-fed mice, 74 of 108 survived 15 months (68.6%), of which number 3 subsequently had pulmonary tumors (P < 0.01). There was no evidence of an earlier than usual appearance of tumors in any of the other three groups.
Bod}' weights of the mice given arsenic and germanium are presented in Table 5 . At one year and eighteen months, males fed arsenic or germanium were smaller than their controls, as were females fed germanium at eighteen months. The greatest decline in weight amounted to approximately 17.0-19.3% of that expected. Similar changes were not found in the tin-and vana dium-fed animals, which weighed approximately the same as their controls at all ages. Â°Differs from control number, P < 0.0005. 6 Differs from control number, P < 0.025. ' Differs from control number, F < 0.005. Other differences from control not significant.
DISCUSSION
Arsenic, especially in its trivalent form, has been considered a carcinogen for many years (2) . This idea, which appears to have had little experimental backing, has been refuted (1). The pres ent experiments, carried on for the lifetimes of mice, indicate that at the doses given, trivalent arsenic as sodium arsenite is not only noncarcinogenic, but actually appears to suppress spon taneous tumors of the lung. Germanium, as sodium germanate, did not appear to be carci nogenic. There was some indication that mice receiving this ele ment had fewer tumors (Table 1 ) without reference to type. There was no evidence in this study that the ingestion of stannous tin or tetravalent vanadium influenced the incidence of tumors. The diet, however, was unavoidably high in vanadium, although fairly low in the other metals studied, making this group of ques tionable significance.
According to chemical analyses, the metals given accumulated in the tissues of mice, especially arsenic, germanium, and tin. These data will be reported elsewhere (5) . Although it is difficult to measure the intake of water accurately, owing to the habits of mice in wasting it, we have calculated that they ingested roughly 7 ml/100 gm body weight/day, which amount would supply ap proximately 35 /ig metal/100 gm/day, or about 13 nig/100 gm/ year. The ingestion of 6 gm food/100 gm/day would supply an additional 2.76 Â¿ig arsenic, 1.92 ng germanium, 1.68 ng tin, and 19.2 /ig vanadium per 100 gm body weight per day. The yearly totals from both food and water, on these bases, would amount to 13.8 mg arsenic, 13.5 mg germanium, 13.4 mg tin, and 18.9 mg vanadium per 100 gm body weight. These intakes are 17-29 times those measured for a 70-kg man in the cases of arsenic (3), germanium (4) , and vanadium (6), and 6.4 times that of tin (7).
Experience with random-bred mice of this strain in three groups comprising over 400 control animals has revealed tumor incidences of 32% (8) to 40%. We do not believe that the animals given arsenic represented a strain which was resistant to tumors, for they were randomly selected littermates distributed among the five groups. Because of the large number of animals, the con trol groups and those given arsenic and germanium were run con currently; those on vanadium and tin were started a year earlier and accompanied by other controls (5) .
